It is often possible to construct unidimensional scales of multidimensional stimuli. Thurstonian scaling theory predicts that the standard deviations of differences in unidimensional paired-comparisons scaling of such stimuli should covary with the qualitative similarity between the stimuli being compared. In a test of this prediction, 78 5s judged 11 facial expressions from the Lightfoot series with respect to emotional intensity. Stimuli were selected so as to fall in 3 different clusters with large similarity within clusters and small similarity between clusters. Within-cluster comparisons gave smaller standard deviations than between-clusters comparisons for all 11 stimuli.
The possibility of consistent judgments of complex stimuli has been recoganized for a long time (cf. Hollingworth, 1913) . Unidimensional Thurstonian scales have been constructed from such continua as seriousness of criminal offenses and conservatism of attitude statements, to name just a few of many possible examples (Ekman & Sjoberg, 1965; Stevens, 1966) . In addition, the newer so-called direct methods of scaling devised primarily by Stevens (Stevens, 1957; cf. Ekman & Sjoberg, 1965) have now been used successfully many times on complex, nonsensory continua such as those just mentioned (Stevens, 1966) .
The fact that unidimensional scales may be constructed from these continua constitutes somewhat of a paradox (Sjoberg, 1968) since stimuli are most often clearly multidimensional. Apparently, 5"s are able to collapse a multidimensional space into various unidimensional aspects or attributes.
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According to Thurstonian scaling theory (Torgerson, 1958 ) the dispersion of comparative judgments is affected by the correlation between the latent distributions of "discriminal processes" (subjective values).
When the correlation between the two stimuli in a pair increases, the standard deviation of differences will decrease. Consequently, if the correlation is higher in pairs consisting of similar stimuli than in pairs of dissimilar stimuli, the standard deviations of differences should be smaller for similar stimuli. The creation of Thurstonian methods that allows for variation in covariance terms (Sjoberg, 1962 (Sjoberg, , 1967 ) makes a direct test of this prediction possible.
The prediction was strongly supported in a study of verbal stimuli by Sjoberg (1968) . The present study was performed in order to test it with a set of complex nonverbal stimuli.
Facial expressions were chosen as stimuli. It is well known that facial expressions are multidimensional (e.g., Abelson & Sermat, 1962) . The attribute to be scaled was expressed emotional intensity.
The following predictions were made: (a) perceived emotional intensity would be a unidimensional vari-429 able, and (b) the standard deviations of differences would covary with the similarity between the stimuli being compared.
The plan of the experiment was to investigate the dimensionality of the variable by means of a count of circular triads in paired comparisons (Kendall & Babington-Smith, 1940) , by studying the goodness of fit of unidimensional Thurstonian models for paired comparisons and category ratings, by comparing magnitude-estimation scales using different standards, and by comparing the scales resulting from Thurstonian methods with those resulting from the use of magnitude estimation.
The standard deviations of differences were to be estimated from paired comparisons using the method of successive-intervals scaling of paired comparisons (Sjoberg, 1967) . It was also considered interesting to investigate whether the standard deviations of magnitude estimations would be a function of the qualitative similarity between standard and variable.
The desirable variation in similarity was to be produced by selection of stimuli forming homogenous clusters in terms of the kind of emotion expressed.
Clusters should be clearly different from each other.
Withincluster comparisons would, then, produce a high-similarity condition and between-cluster comparisons a lowsimilarity condition.
METHOD

Selection of Stimuli
The entire Lightfoot series of facial expressions (Engen, Levy, & Schlosberg, 1957) was first rated by 10 5s as to emotional intensity of expressions. The 5s also identified verbally the emotional content of each expression. Each picture was shown once. The 5s first rated, using the method of magnitude estimation, its emotional intensity in comparison with a standard picture shown at the same time. After this rating, 5 wrote down a guess as to what emotion was expressed, e.g., "happiness," "depression," or "anger."
Eleven stimuli were then selected on the grounds that they should be unambiguous in content and that the same intensity range should be spanned by all the emotions represented.
The first requirement was given priority, and because of this, the second requirement could only be met to a very modest extent. Three standards that would be about equal in intensity were selected for the main experiment.
The following stimuli were chosen from the Lightfoot series: No. 14, 1, 35, 55, 5, 33, 52, 47, 11, 22, and 10 . They are labeled A through K, respectively, in the present study. According to the results of the pilot study, Pictures A-D represent joy or pleasure; E-G, sorrow; and H-K, anger. Thus, stimuli were selected so as to form three different clusters.
Subjects
Seventy-eight psychology and art history students served as 5s; 57 females and 21 males.
Stimulus Presentation
The experiment was conducted in a lecture hall and a seminar room. Ten to 15 5s participated in a given session. The pictures were projected on a screen in front of 5s by means of one or two projectors (Leitz). The size of the projected pictures was 1 X .8 m. When two pictures were projected simultaneously, two identical projectors were used and the distance between the pictures was 15 cm. The 5s were seated 3-5 m. from the screen.
Procedure
Three kinds of rating methods were employed by each 5: paired comparisons, category ratings, and magnitude estimation. The different methods were always employed in the above order. For each method two different random orders of pairs or single stimuli were used; equally often backwards and forwards. Each 5 gave only one rating for each pair or single stimulus. Positions within a pair (left-right and right-left) were rotated over 5s. The responses were recorded in booklets with 5-6 responses on each page.
Presentation time for each pair was about 30 sec. The 5s who did not give a judgment of some pairs or single stimuli were allowed to see them again and rate them.
Paired comparisons.-Seven rating categories were used for paired comparisons, plus the category of equality. The scale was presented as a string of numbers as follows: 765432101234567. A rating of 0 represented no difference in intensity. Ratings to the left of 0 indicated the left picture to be most intense and ratings to the right the opposite. Larger category numbers indicated larger differences.
The use of the rating scale was first explained by means of four examples of ratings illustrating the use of categories. Then, three pairs of practice pictures were presented from the Lightfoot series. The first two pairs were homogenous in content and the third was heterogenous. It was stressed very strongly that 5"s should rate emotional intensity regardless of content and that the size of difference rating also referred to difference in intensity regardless of content. The distinction appeared to be clear to all 5s.
Category ratings.-Seven categories were used in category ratings defined by numerical labels. The meaning of the scale was explained by means of a few examples. A rating of 1 was to be given to a very small intensity, 7 to a very large intensity. Each stimulus was presented only once. No other picture was exposed while one stimulus was being rated.
Magnitude estimation.-In magnitude estimation the standard was assigned the number 10. This number was shown in the lower edge of the standard picture. The variable stimulus was to be assigned a number reflecting the relation between the two emotional intensities: an intensity half of the standard would be given the number 5, one twice as large the number 20, etc. Any numbers could be used as responses. The standard appeared randomly in both positions and was shown anew for each variable stimulus. Stimuli A, G, and H served as standards.
The presentation order of the different standards was varied. All six possible permutations of the three standards were used equally often; i.e., 13 Ss were exposed to each particular order.
Instructions explaining the use of the three kinds of rating methods were included in each response booklet. They were also presented orally by E. Each instruction was immediately followed by the application of the rating method in question.
The entire experiment lasted approximately 70 min.
RESULTS
Circular Triads
The mean number of circular triads in paired comparisons was 2.56. This is 5 % of the maximum possible number of intransitivities. Twenty-nine i's had no circular triads at all (37% of the sample).
The maximum number of circular triads to be expected if the equality category had not been available was estimated as follows. The number of triads including at least one equality judgment was counted. A fraction of this number was added to the number of circular triads. The fraction was J, since that is the probability of a circular triad for a maximally inconsistent S rating 11 stimuli. The mean error rate estimated from these corrected frequencies of intransitivities for 5s who had any circular triads initially was 11%. Of all responses 12.7% were equality statements.
Scale Values and Fit of Scaling Methods
A summary of results from the application of various scaling methods is given in Table 1 . Thurstonian scaling.-Paired-comparisons data were analyzed using the method described by Sjoberg (1967) . The category ratings were analyzed using the method described by Diederich, Messick, and Tucker (1957) .
Goodness of fit was measured as the square root of the mean squared difference between empirical and reproduced proportions.
The fit was .028 for paired comparisons and .019 for category ratings. These values are in the range usually found. The category boundaries were found to be spaced in the usual manner; i.e., the size of the intervals between boundaries increased with category number. This was true both for paired comparisons and category ratings.
Magnitude estimation.-The three scales resulting from application of different standards have been plotted against each other in Fig. 1 . The results are quite consistent. The ratio properties may be doubtful because of nonzero intercepts in two plots. This lack of proportionality does not seem to have any direct bearing on the unidimensionality of the attribute, however. For further analysis the three scales were averaged (arithmetic mean).
Relations between scales.- Figure similar curvilinearity occurs in a plot against magnitude-estimation data. The curvilinear trend is in agreement with the usual finding when Thurstonian methods are compared with magnitude or ratio estimation (Stevens, 1966) .
Standard Deviations of Differences and Magnitude Estimations
The set of standard deviations of differences from paired comparisons is reported in Table 2 . The mean standard deviations for the within-and betweenclusters conditions are reported in Table 3 . The comparisons of the two sets of means in Table 3 show that the prediction of larger between-clusters standard deviations is confirmed for all 11 stimuli.
The standard deviations of magnitude estimations did not show the same clear trend. Figure 3 shows the plot of standard deviations of magnitude estimations against geometric means. The regression line was fitted to between-clusters comparisons (i.e., the standard and variable stimuli from different clusters). The hypothesis was that the value for within-cluster comparisons would fall consistently below the regression line. That prediction was confirmed for six of eight points.
The trend found in paired-comparisons data may have been caused by the fact that the variation in scale values is smaller within clusters than between. If there is a positive correlation between absolute size of difference and standard deviation, one would expect between-clusters comparisons to give larger standard deviations; between-clusters comparisons having, on the average, larger differences in scale values. The point-biserial correlation between standard deviations and the low-vs. high-similarity condition was -.50. A positive correlation between standard deviations and absolute size of difference did occur; the productmoment correlation was .20. Size of (The regression line was fitted only to the betweenclusters points.) difference correlated -.17 with similarity (point-biserial correlation). Thus, the raw correlation between similarity and standard deviations had been increased by the variation in size of difference.
This error should be partialled out. The partial correlation between similarity and standard deviations was -.48, a very slight decrease.
One may conclude that the contribution of size of difference variation to the relationship between standard deviations and similarity is negligible in the present data.
DISCUSSION
The two main predictions in this study were that the attribute would be unidimensional and that standard deviations of differences would covary with qualitative similarity.
These two predictions were confirmed. Circular triads were few and scaling methods assuming unidimensionality fitted well. The scaling methods produced results related to each other in the usual way (cf. Stevens, 1966) . The prediction concerning the standard deviations of differences was confirmed for all 11 stimuli, The same prediction was confirmed for verbal stimuli in a previous study (Sjoberg, 1968) . Thus, the hypothesis of multidimensional structures in standard deviations derived from paired comparisons has now some empirical backing.
It seems, then, that the standard deviations of differences may be used to investigate the multidimensional structure that gives rise to the unidimensional attribute scaled. Possibly, they may make separate similarity estimations unnecessary in some situations, since they may be expected to covary with such estimations.
The standard deviations in magnitude estimation showed the expected trend but it was less clear than in the case of paired comparisons. Further empirical work is called for concerning this issue. For purposes of multidimensional scaling it would be useful to have the possibility of using some manifest dispersion term in situations where a complete Thurstonian analysis is too costly or not desirable for other reasons.
A suggestive finding of peripheral interest in this study is the tendency to a linear relationship between the pairedcomparisons scale and magnitude estimation. With a stimulus range such as the present one, one would expect a clearly curvilinear relation (see Stevens, 1966) . Such a relation was found for category ratings and for the Case-V analysis of paired-comparisons data. The method of difference ratings has, so far, been compared three times with magnitude estimation and the result has in all cases been a linear relation. A decisive experiment would, however, use a much larger range in scale values than the present one.
Finally, it may be of interest to discuss the present results in the light of work concerned with the dimensionality of facial expressions (for reviews see Hake, 1966; Nummenmaa, 1964) . Schlosberg (1941) first suggested a two-dimensional space from evidence on confusion data. He suggested that this space was spanned by two bipolar axes, which he labeled Pleasantness-Unpleasantness and Attention-Rejection, He was able to show that explicit ratings of these two dimensions could predict categorical assignments of expressions (Schlosberg, 1952) . Later, Schlosberg (1954) suggested a third dimension of Sleep-Tension.
Later work has mainly used some kind of multidimensional scaling based on judgments of similarity or factor analysis based on Osgood's semantic differential (see Osgood, 1966) . On the whole, Schlosberg's early conclusions have been confirmed, with the possible exception of the third dimension of Sleep-Tension.
Intensity has most often been considered a function of the distance from an origin consisting of a neutral expression. Actual scaling of this attribute across several different kinds of emotions has, however, rarely been attempted.
The present results show that such scales can be constructed and that the multidimensionality is preserved in the variability of the comparative judgments. Thus, the multidimensional space may be shown to affect data in at least three different ways: confusions of categorical assignments, similarity or dissimilarity ratings, and variability of comparative judgments. Several interesting problems arise in this connection. It would, e.g., be worthwhile to make detailed comparisons of confusion, similarity, and variability spaces. Different attributes could also be used to generate variabilities and the resulting spaces could be compared. In general terms, the importance of a certain multidimensional description of facial expressions would increase given a finding of invariance across widely different response modes and models of data analysis.
